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ABSTRACT

This report presents an apprecach to the problem of describing
electron tubes for procurement purpcses. Thie procurement is for
such electron cubes as required for military applications, Part I
covers the raotuel considaration of the spscification aud the re-
latior of its content to the military requirement, while Part II

ecvers the technicsl detalls necessary for the comstruction of an
adequate specification.
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INTRODGSTION

The need for specifications which consclidate and maintain the sdvancea made
by the various programs, relativ 1o reliable operation of electron tubes in mili-
tary equipment, resulted in the devclopment of militery control specifications,
These specifications embody two parts: (1) the rating or reguirement section and
(2) the compliance or procurement section. The objective of the procurement sec-
tion is to furnish a specification giving ascsurance that the items as procured
wvill perform at the rated ronditions. The procurement specification, then, is an
3netrument designed to avaluaic tnbes for the purpose of acceptance: (1) it
describes means of measuring their properties,and (2) it establishes a standard
of minimm of acceptable quality in terms of the mcasured properties.

Nilitary comvrol speciflcablons pruvide & set ol required iests and limits,
No methods are included for determining these requirements. They must be deter-
mined by other means especially designed for that purpose. Once the properties

for = LNqLJrement are xnown, military control specificatiocns previda a method by
which the mzintenance of such properties to the desired level is assured.

The spec¢cificatious also provide a means of estimaiing compliance with a
standard of quality on a lo% basis., That is, the specification serves as =
standard for estimating, regardless of whether the tubes are .at the source of
manufacture, in the eaquipment manufacturer's stock, or in military depots. All
tests are designed to use methods and procedures which can be performed at any
time subsequent %o presentation for military acceptance.

A1l eifforts are made to make the specification & practical and workable
instrument. It must be easily umderstood and be readily applied, for exsample,
from the standpoint of the service inspector. Theoretical statistical control
must be carefully weighed against practical economic considerations.

Practical estimation of lot properties, rether than virtually impossible
absolute determination, is the basis of the sampling procedures used. In these
procedures is recognized the fact that as the dstermined lot per cent defective
epproaches zero, the number of items required to be tested increases rapidly.
The law of diminishing returns establishes the practical economic iimit.

The sperifications provide, in so far as possible, clear-cut tests and
1imits for the purposes of establishing the quality levels. They must allow
for competition within the electron tube industry and encourage the application
of initiztive and ingenuity.

1A

WADC TR 54-

&
1



U DINTWRARTS AT e A

[

s

[F ke LRae b L ol SHER . JRE L e R S

- A 0 Yot ]
L " - =

PART I

GENERAT, CONSILERATIONS FGR SPECIFICATIONS

A. Types of Specifications

Inasmuch as specificetions provide for the compliance of purposeful particulars
and requirements to dezcribe an item, the purpose of the specification will deter-
mine tha type.

The construction specification describes the materials and processes used 1n
constructing or febricating an item. Through the use of such a specification, the
many processes and matsrials can be controlled and standardized., This contrcl and
standardization is, however, limited or provided for only to the extent of the com-
ple*eness of the specification itself, Electron tube manufacturers depend on this
type of specification for manufacturing controls. Such a specification aids in
standardizing the materials and processes thereby resulting in a more uniform pro-
duct fer the manufscturer. The completeness of the knowledge of the controls and
processes governs only the degres of effsctiveness.

2. Performance Specification

The performance specification describes the item in terms of its particular
properties relative tc an epplicsticon. {The completeness of this description
in no way alters the classification.) This type of specification can be elther
the simplest in form or the simplest for evaluation of the product, but rarely
both. The simplest form of a performance specification is tc specify ihat the
item has those properties required to perform satisfactorily in a specific piece
of equipment. Such a specification is to a large extent used by equipment manu-
facturers cf entertainment equipment for electron tube procurement and as such
is usually apvlicablie to one manufacturer. A much more complex form of a procure-
ment specification is the list of specific properties describing the item. This
form, how#aver, is simple to evaluate the product for compliance. Such a specifica-
tion is in general use by all electron tube manufacturers for finel evaluation of
their product. OSuch a specification is frequenily used to surplsment twhe construc-
tion specificetions by providing a method of determining baotih non-compliance with,

and inadequateness of, the requirements of construction specifications by measuring
the characteristics of the article.

3. Procurement Specification

The procurement specification can be either or a combination of both the
construction and/or performance svecification. As the name implies, such a speci-

ficatiion describes an item for procurement purpeses. Usually, such a purpose is
best served by ths performance-tvpe snecificetion,

Irrespective of the type of specification used for procurement pur

TNses
all propertias specified must have a means of test available to note comrlinnmee
2 -

with the specifications. By nature, all specifications of electron tubes for the
military are procurement speeificetiuvns.

WADC TR 54-348 :
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The military requires the use of the performance-type specificz’ion; however,
the application problems are greatly increased because sych & specificaticn must
reflect meny more diverse applications than found in mcst commercial applications.,

This complicaticn results from the msthods that must be used in goveramental pro-
curement. It is not the purpose here tc aitempt Yo evair=-ie ihe procurement
system; it caz only be said that means must be estabiished to assure the most
effective operation of such a system in regard tc %is procurement of electron tubes.

An snalogy between commevaial prosurament end military procurement zay bs
dravn by viewing the situation that arose in regard to a gasoline engine driven-
type washing machine. In equipping the machines the private industry operator
investigated the warions type engines and found that manufacturer A& suppllsd an
engine of cns borsspower, name-plate rating, at $45.00 that performed excelleatly
both initially and for the desired time. Manufacturer B decided to attempt to geh
the engine business. A sample of his one-horsepowsr engine was supplied. The

price was §,0.00 and the name-plate rating was the same as mamfactursr i, hut ths
engine would not drive the washing machine satisfactcrily, In defense of his posi-
tion, manufacturer B presented test data showing his engine was ope horaepowsr and
would deliver its rating continuously for a long time and suggested that a higher

aorsspower raiing was required., The wacshing machine organizetion was unimprzssed--

ths ongine did not perfoim, therefore, procurement continued frcz marufacturer A.

The requirements for the enginc were rather well defined. It must satisfac-
torily cjerate the washing machine. Ccst was another matter--irrespective of sach
cost unsatisfactory performance could not be tolerated,

Continuing the analegy, suppose, for some reascn the washing machines were
being 50ld to residents of a municipality by thcir goverument. Suiply sources in
this case were to be determined by competitive bidding. The washing machine speci-
fications required an engine of one horsepower. Bids were received on an engine
specification of ons horsepower. Manufacturers A and B both placed bids.
Manufzcturer B was awarded the contract. The engine according to tests met the
requirements of the specification but would not satisfactorily onerste the mechin

~
A6 d 2O @

The facts of the case are:

1. The agpplication specification was in error. Actually the
washing machine nceded more than one horsepcwsr 4o
satisfactorily drive it,

2. Menufacturer A was building more into his prcduce than he
was willing to assure through spegification.

3. Manmufacturer B did make an engine that met the rsquirements
of the epecificotions and would perform atl rating for &

satisfactory pericd of time.

WADC TR 54-348 2
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4. Ths performence requirement f£or the sngine in the equipment
specificaiion was clean cut, numely, that of satisfastory
vperation of the washing machine.

5. Setting forth the requirement only, for procurement, would
have introduced & vague and non-standard method of evaluation.
Interpretation weuld have been necessary--g specification must
not reguire interpretation.

The above analogy was very simple in that one application was involved and
only one characteri~tic essential. Most applications of sn electron tube are
greatly complicated requiring the correlation of many independent and interrelated
propertles. When attempts zre made to procure electron tubes fcr military purpcses
wiih the meny and diverse spplicetions that sre invoived, the "satisfactory
opsratlon® approach i1s impvactical due to the economics involved and may even
result in no procurement.

In regard to scleciron tube procurements in the past few years. such situations
have happened in varying degrees. In one case a manufacturer hed economic need to
produce an alectron tube, much more reliable than any existing, for a special
application. The methods employved were somewhat peculiar to tlai manufacturer (no
two engineers pursue the same course in solving a problem). A basically careful
and expensive quality control was employed throughout the manufacturing processes
to accomplish the desired relilebility. Raw materials, partially fabricated, or
processed materials wers inspected with processes corrected and/or lots rajected
when: nonconforming. Extremely careful supervision was employed throughout. All
these ltems of control =xere part of the "construction specification. The finished
tube specification was quite broad and incomplete. A more specific and detailed
specification was not required, as the guelity of the product was bended by the
reputation and future of the manufacturer. The customer needed an i%am to reliably
cover his specifie need, even though the cost of the item was high.

The success of the application of these tubes was phenomenal. It was desir-

able to procure similar tubes for the military, nence, the requirement of a mili-
tary procurement specification. The manufacturer complied, in part, by offering
the incomplete finished tube specification under a type number, that, until this

ime carried considerable magic. (1t covered a highly reliatle tube encompassing
a particular manufacturer's processing.) Competitive bidding was the first siep
in establishing a source of supply. A second manufacturer was awarded the contr.ct
at a price many times less than the originator's. The tubes procured may have been
from the regular production of a prototype, but they met the specification. By way
of integrity defense the contractor could have maintained that his product was
equivalent to thc mors costly product due to more effective controls within mana-
facturing. 1In any event, ho met the specification.

From the abcve may be deduced several things in regard tc procurement specifi-
cations.

1. 'The cpecification sets the limiting conditions and values for
ascephence, Any gquality betier than thet limited Ly spscification

is gratuitous quality and as such cannot be relied upon from anm
application standpoint.

WADC TR 54-348 3



2. The type number has no meaning except to idantify the
spacification when rslated to ailiiary procurement.

5. 7Two iypes having the ss=~ specifications must be
expectod to be ths Jaus in rsference 1o ths application,

4. More than one method of processing, or processing coniroli,
may yleld equal results.

5. Spescifying of processes, cr process contirol, may result in
incospatlbiliiy within the specifiication.

6. All featurus concerning s procees may nct bo known; as a
consequenca many interprataticna are possible, aome of

which are iucorrect.

7. Specifying of rrocesses or process controle moy place

unjvuet iimitations on competitiom,

2. Bapic Oonsjderatiocpeof Military Control Spacificaiions
Ratings are the limiting values defining each individuval operating conditice

within which the tube ijpe can be axpected to yleld a normal period of satisfaciory

service.

Specifications iar aleciron tubes ara umally divided into twe mejor puris:
1. A section cortaining informaiuion primarily for use by
equir.;uent desigrers and manufacturers, including the
ratings and mechanical siructural features,

A section coauaining he propertiss required of ihs itube,
with {est condiilons and limits by which ccmpliance with
the ratings are to be ascertainsed.

ny
.

Many specificaticrs in the pest have neither set forih clearly defined re-
quirements nor included such tests as may be necessary to devermine compliance
with the requirements given. Military control spacificetiors include clasarly
dafined ramirements and whatewsr teste as are necessary to datermins dssirsd
compliance.,

Cars must always be exercised that the ratings are of definite value to hoth
the equipment designer and the tube designer, that they can be svaluated by tess,
and that they do not impose non-intended limitations on the use of ths itsz, An
exumple of queastionable rating ie the nes of a dafinite altitnde; such es 10,000
fost eshenrluis maxisun as a ratiag. Tiils faiiel to ald the equipment Jdesigner as
25 clear-cut limitations were in avidence. Was the altitude, as stated, thae
limiting condition or was the pressure or temperature to be considersd? 1T the
designer encloged the sirgsult in 2 bor 2nd presauriszed ths anvircamsnt of (ks
tube to an equivalent sititude below 10,000 feet, could such a unit be used abcve
10,000 feet? What tests could be imposed on the tube to determine the compliance
with this rating?

WADC TR 54-348 4



M¥llitary ccntrol specificaiions require a definite purpose for each rating.
In the above-mertioned case of attribute rsting an investigation was necessary to
ascertain the raal purpose of the fest., This investigation revealud that altitnde
nad 1ittla affect, mt rather that ratings depanded upon the conditions essociated
with incersased altitvde, n=uwely:

1. Pressure was reduced as altitude increased, thereby reducing
the breskdown voltages betwoon external leads.

2. The reduced preszure afforded less conveciisn cooling usually
resulting iz & highex operating temperature of the tube at the
same powe! inpu, This operating temperaiure could bes affected
by many other environmental conditions,. therefore othsr means
of rating hnd %o be used. From the temperaturs standpoint the
simpiest and mest complete 1iem 10 be specilied was buib wem-

peravure. bulb terparature was found Vo0 bs an applicsbls
rating for all envirormental conditions from a thermal
stanapoini,

A summary of zn analysis of the altitude rating problem iz as fclleows:

1. Prezsw-e affected the breakdown voltages between the external
sonnections of the electron tube. This comdition can be eval-
uated direcily by a test and is useful to the equipment designer,
as he cam de-rzte for high altituds.

2. Buldb temperature was affscted by reduced pressure; however,
other environmantal conditions affected this temperature. As
8 rating, bulb temperature had to be an independent item and
could be uz2sd directly by the equirment designer.

3. The altitude rating imposed a non~irtcuded iimit on the
application.

4. & presaure voltage breakdown test was specifisd on ell
military control specifications.

5. Bulb temperature, usually specifisd, became a requirement
on ali milivary control specifications,

The fundamsntal purpose of military control specifications is to assure that
the produst procured meets the ratings. No assurence can be given in regard to
a rating unless there is included a test for satisfectory cperation under condi-
tions of the rating. iil ratings of militery control specifications must have a
sorresponding test for compliznce. Let us assume that a tubs has a maximur rated
tulb temperature of 200°C, but that no test is required wiih bulv lemperaturss in
axcess of 100°C. No assurance can be given that any given tubes procured will
operate at all under canditions of 20C°C. If a rating of 200°C exists, and a test
is specified requiring a btulb temperature of 200°C. hut the tuwlb tamperature during
1000 houxs life testing is 100°C, end if after the lifs test ihe tube salisisc-
—————— ths tsst, the only sssurance ia that tuhes can be Operated continu-

- BN
WLy MRDOUR SLUv suw

ously for 1000 hours at 100°C bulb temperature and instantanecusly at 200°C.

WADC TR 54-348 J
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r area cftentimes presenting a false impression of assurance of cexpli-
atings ie hat of specifying only an iaitlsl test for a property greatly

'l

affected by the dstrimental eoffcuots of exposure to maximum ratings for prolonged
periods oi time (1ife tes%). An exsmple presertly sppasrine on many specificaiions

iz 3hs insuiaiion betwesn the eiemenis refsrred to a8 "electirode imsulation.® 1n
the majority of cases the only measurement specified is for initial acceptance
testing. Yhes this value is quite high az compared with other apeci?icetionu. the
user assumes a feeling of security, althiough 1% is a falisey to do so, and may
select a tube 80 defined For a eritins) appilcation., Thir typs of teet is 2
gretuitcus testl ireeliy given without any measure of valus. Maay properties of the
siructural msterials of the ‘ube, some difficult to corirsl, =gy ciuse au exirenely
T&pid decresse of this resistance during operation. Assursnce ¢of continued opera-
tion can only be given when a test is made that reveals these yroperties, or a
process or conatructiocn specification oxists that aaequately conirols all facters
contributing to the zreoblex. & 1551 §Uill musv Te used to determine whether or

av &
not the presnmed uontrol of the procese is faciuzl,
PART II1

TEST AND TEST METHCDS
FOR INCLUSION IN MILITAHY SPECIFICATIONS

A. General Considerations ¢f Test and Test methods

As a result of tha need for more reliable operation of electiromn tubes, more
atteation 1s being given to the "detrimental properties.” Thess are inherent pro-
verties of an electron tube that are detrimental to eirculd spzzetlion. Cirsuii
dssign and/or degres of assurance of reliable operation must be nodified as &
result cf the presence of these detriments, The difficuiiiss of zatisfactory
application assurances are incresesd by {1) thc very diverse erwironmental condi-
tions of the application and (2) inadequate and incomplete tests for many of these
detrimenis. Esch aquipment design engineer, czonfronizd with the szpecific require-
ments of hls projeci, rightfully defends his tube requiremsats and associated tests
when the vagueness of the existing specification precludes satisfactory assurance
of circuit performauce.

1litery conizrol prograp nas been introdiiced to zyatematize the approach
tc reliability Ly establishing a uniform method for eleciron tube deseription
through teste, particularly irom the point of view of the equipment <asigner and
the ultimate uaar. To achieve thlis cbjeciive, several aress are covereds

1. Methods of imvestizaiing applicatio -qalremonts. Reference
here azhould be meds tc WADC Tucunicll Report 53-479, "Electron
Tube Specificaticin lesign in th» Field of Vibration arnd
Impact Shock, by R doloff. Although tha title implies
restriction, it 1is oaually npplicab e to any environmertal

raquirement or 2 combluation of 211l such required properties.

Z. Specifying ths requirements and associated compliance tests,
#ilL-E-l Specification. This 1s tho area of mejcr concern in
this report, therefore an elsboratiion of this phase will
follow,

WaDl TR 54-348 6
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3. Interpretation of eieciron tubs properties, referencei
"Techniques for ipplicaiion of Rlectron Tubse in Miliisc
Equipment." "The specific purpose of ithis manual is to
provida the equipment dasligner with a batter knowledge of
the nature of tubes, thelr capecilities, characteristics,
and iimitations, the effects of . vironment on tubs opsra-
tion, and methods of dealing with tubs properties im
cirenit Jdesign, so that he may produce equipment which
#ill provide the Ssrvices a full return ir efficlency

end reliability of slectronic sguirment." (Quoted from
lst Li. 4. B. Bishop, Minutes at Second Guided Missile
Conference, 16~17 June 1953).

B. Organizatiocn of Hilitary Control Specifiecation iceentenca Tests

Specifications menticnsd in paragraph 2 have Leen standmrdized as to formai
and methods of evaluation. Such standardizaticn greatly assists in the compsrison
of electron tubes from an appiication evaluation standpoint. Fig. 1 shows the
organizsiivn of these acceptance teste.

The two main divisions are (1) mezsurement tzsis and (2) d«gradation rate
testa. It 18 essentlal for evaluation that thes2 two items be iept seperste, at
least in the mind of the specificaiion designer. Measureueni tests are, as the
name implies, for the purpose of devwermindiig the instantaneous vaiues of a
measurable properiy. Degradation rete tests are for the purpose of determining
rate that a properiy is adversely aifected by & given environment, This involves
times and the change of value during that time. Rate 1s glways thc amounl & change

divided by the desired time {rate = valus/time),

All tests are degrading to some extent. Each time a tube is oparated; it ha=
removed from its potential 1ife the time of such cperation. This statsment in no
way lmplies that tubes mamnot ba imnraved hy aome cnemotion Tt sarely states that
tims has besn conaumed and with {lme a porilion of the poieantial 1ife. The probiem
is %o ascertain what tlils operation has done to the tu s and its useful life. No
clearly~defined boundary csn be ascribed tc these tesis excepi as determined by the
fundamental purposes intended by performing ths tesi. 4Lu emampls is vibratiam

adduna A $ntaem dam dommamdad 2wmda 2

an? meal.l PP B .

tasting, A& tubs i5 imserted intc the dsst 0qhi§ﬁ€§t aud subjecled to ihe wmechanics
stimulus. A measurement made at any time iz a result of a condition ai that ine
stant. The tube is continued in this environment for a time; then enother measure-
ment is made., Ths sacond measurement, when compared with the initial measurement,
serves to determine the sméount of degradation. The pressnt vibration test speci..

fied in Specification MIL-E-1R paragrarh 4.9.19.1 12 an evennle of an gtlemmt 4o
egtahlish & messursment tost under sonmditions that are knewn to be eszsentlally
degrading. This reads, "Unless otherwise epecified, each tube shall be vibrated
for s time necessary to obtain a siable reading of output voltage or for a maxiom
pericd of 30 seconds in any one position.® Had the specification rsad, "Each tube
shall be vibrated for such ViEs a5 is necessary L0 oLimin & svables culput reading,™
it would have besn a poorly-defined degradation rate test reather than somewhat of a
measurement test, The rats would have been based on any time to reach siablility or

to go outside the limits.
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1. HNgerurement Zoois

Msasurement tesis fall intc Ywo rather distinct categories, namsly,
elacirical %tests and mechanical jes%s. A large number vi the mecnauical Lesis
use an electrisnl indication for measurements. This is done for 8implicity asnd
is not to be confused with the test itself. It is much easler to dstermine that
w0 parte come into contact (short) by electrical means rathor than io attempt
to chaerve such a contact. In general, mechanical tsats are for those properiies
that act as deirimentis whea the tube is subjecied %0 & mechamical stimuius (dead
shoris and discontinuities excepted).

Electrical charscteriziics are inose properiies of an 8lectron tube essential
to ths oper=iica of ths olrcult and usually srs ihe propertiea on which the funde-
meuicl clrcuit dssigm de based. A1 ather mesanramant tacta are for detriments
to fundamental cirenit ovaration csusing modification of either tke circuit or
tue assurad reliabiliiy of the circuit.

Charasteristics naually reguire modifications in circult design when they
are permitied to viry too greatly from the design center value. ZEconomics and
supply are usually the limiting factora on the circult designer. In instances
where a large number of tubes sre used or where special circult considerations
are requirad, it is desirable not cnly to maintain the characteristics within
limit but also to contrel the produst towerd the bogey {design center) valus.
Such centering controlis should be umed culy for characterisilics or other pro-
pe=riiss having highly repeatable measured values. All properties permitting
evalustion only as good or bad should have the bad eliminated from the product.
An exampls 1z plats current cutoff. Normel variations in manufacturing procedure
results in a variation frocz the design center=, However, the 1izmits msoribed ava
usualily many times that to be expected from the design. These limits are tc reveal
the effects of badly distorted grids Gue to poor workmanship.

2. Dagradation Rgia Tesis

The zost important item in regard to the application of electron tubes (and
other devices) is the abllity to perform satisfactorily under application

environmentel conditions. This satisfactory performance, from the standpoini of
the Air Force, has a8 & minimum the duration of a mission. Very careful considera-
tion must be given the tests used to ssiimate the lasting qualities of electron

tnbes. This meathod of approsch in military couirol specifications iz o divids
the degradation rate testing into two basic groups: (1) electrical life test and
(2) meshanrical durability test.

(a) Elestrical Life Test

Yhe elscirical jife test usually 15 assccistsd with the actual slectri-
cal operation of tubes. These tests are not always ssparable from mecheniocal 1ifa
tests, wut the distinction should be maintained as well as poscible. Due to the

multiplicity of applications, a bettsr evalustion usually resulis when the effectis
of the tests are not iatertwined. As an exmmple, il 15 very difflicult tc <valusts

4ihs trux cmissiom 1ifa whon 1ifa-tested under vibration condition. Or the other

hand, intermittent life test incorporating (MIL-E-1B paragraph 4.7.5) heater
cycling s=rves two satisfactory purposes: (1) it reveals this inherent ability
of the tube to withstand normal switching application from sn emissicn standpoint,
and (2) it permiis a mschanical test on the filamen: during hester cycling.

WADC TR 54-348 9,
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The mechanical durability test determines the degrading eifects of
rachanical stimulus spplied o the tubes, 7This may be in the form of an accelers-
tion, or a thermal shcck test., Included in the firet group are vibration end
impact shock; in the second group are giass strain tests; heater cycling, ete.

C. Evaluation of Test Results

Militery control specifications require acceptance by sempling, Thils does
not in any way preclude the use, or even ths requirement, of testing 100 per cent
of the lot for certain tesi itoms. If = testing of 100 per cent of the lot is
spacifizd, 222eptance ehomld thzn ha on the basia that the sample size is 100 per
cent of the lot. This is to say that a giver maximum percentage of defects must be
ascribed to ths acceptance test. Tf this acceptance percentage is exceeded, the
lot is not accsptable irrespective of the fact that the lot has hnen presumably
screened 100 rer ceni by virtue of the test.

Specificavion MIL.STD-105 will be used for acceptance sampling. Fowever, for
shock test, MIL-E-1, paragraph 4.9.20.5 will be unsed; for heater cycling, MIL-E-1,
paragraph 4.1l.4; and for 1life test, 20 tubes first sample and 40 tubes second
samrle. There is no fixed assignment of inspection levels in MIL-STD-105. Due
to the range of accepizble qualiiy level (AQL) values used in elactron tube speci-
fications, a single inspection lsvsl is impractical. For miliitary conirol epeci-
fications the inspection level will be related to the AQL value as shown in Fig. 2.

In addition to sitandsrdizing inapsction levels, Pig. 2 establishes a fixed
retio beiween the AQL value and fraction dsfastiiva in the lot for all values of
AQL and pioksbilities of accepiance.

As indicated in previous discussions all tests have at lsasi iiree components
that can be shown as in Fig. 3. This is a three-dimensional diagram of ihres ever
present influences on the offsctiiveness cf meaasurement tesiing. If all three are
at ine origin, or common center, it would be possibvle to effect a perfect screen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>